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Abstract 
The main objective is to select an appropriate decision making tool to be used for ranking energy efficiency 
improvement measures in community-scale whisky factories in Thailand. There are six measures comprising (1) 
insulation for the evaporator, (2) heat recovery from waste water, (3) pre-heating for fermented liquor, (4) high 
efficiency evaporator, (5) high efficiency condenser, and (6) high efficiency stove & air-fuel ratio improvement. The 
measures are considered under five criteria, which are cost (capital and maintenance), payback period, 
competitiveness, labor and social impacts, and environmental concerns. In this study, Analytic Hierarchy Process 
(AHP), Analytic Network Process (ANP) and Value Engineering (VE) are the tools in consideration. The study finds 
that both AHP and ANP use a system of pairwise comparison for scoring each alternative under the criteria. AHP 
structures a decision problem into a hierarchy with a goal, criteria and alternatives, while the ANP structures it as a 
network. With AHP, each criterion and alternative is considered independently from another, but with ANP, 
interdependent decisions are given among criteria and alternatives. VE is different from the other two by considering 
function of each alternative versus cost and then comparing among all of them without interdependence and pairwise 
comparison. It is found that the ANP is a good tool but it is too complex for factory owners who are all villagers. VE 
is cost oriented which is inappropriate for considering intangible aspects. In conclusion, AHP is the most appropriate 
application in this case due to the fact that it can consider both tangible and intangible aspects, with less complex 
methodology for the factory owners. 
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1. Introduction 
There are about 5 thousand enterprises in the community-scale whisky industry for all over Thailand 
[1]. Most of them are in rural area, where most of their customers are low income villagers. Due to the 
demand and the expensive cost of transportation, most of the community-scale whisky factories are 
located in villages far away from the city. Most of the factories belong to villagers and farmers. They run 
the business by themselves without technical knowledge, opportunity to access the information, nor 
government assistance. Fig. 1 shows a conventional whisky distillation set in a factory which indicates 
low investment and lacking of engineering knowledge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. A conventional whisky distillation set in a factory 
Energy Audit was conducted and energy efficiency improvement measures were considered. There are 
six measures comprising (1) insulation for the evaporator, (2) heat recovery from waste water, (3) pre-
heating for fermented liquor, (4) high efficiency evaporator, (5) high efficiency condenser, and (6) high 
efficiency stove & air-fuel ratio improvement. Saving potential, cost, lifetime and financial analysis are 
shown in Table 1. [2] 
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Table 1.  Financial parameters for each measure 
 
No. Measures Saving Potential 
Capital 
Cost 
Maintenance 
Cost Lifetime NPV B/C IRR PBP 
(Baht/Year) (Baht) (Baht/Year) (Years) (Baht) Ratio (%) (Years) 
1 Insulating the Evaporator 1,463  500 0 10 16,606 34.21 283.20 0.36 
2 Heat Recovery from Waste Water 1,560  25,500 1,000 10 -16,123 0.37 -13.58 > 10 
3 Pre – Heating  of New Fermented Liquor 2,189  12,000 500 10 9,164 1.76 10.77 6.33 
4 High Efficient Evaporator 22,078  22,500 1,500 10 222,308 10.88 91.79 1.14 
5 High Efficient Condenser 1,151  3,000 500 10 6,024 3.01 23.31 4.20 
6 
High Efficient Stove 
& Air – Fuel ratio 
Improvement 
6,800  4,000 1,000 5 59,220 15.80 131.64 0.79 
Total 35,242 67,500 4,500 10 301,629 5.47 46.92 2.23 
 
Remark: The high efficiency stove requires a re-investment in the sixth year of the project. 
 
The measures are needed to be ranked. They are considered under five criteria, which are cost 
(capital and maintenance), payback period, competitiveness, labor and social impacts, and environmental 
concerns. In this study, Analytic Hierarchy Process (AHP), Analytic Network Process (ANP) and Value 
Engineering (VE) are the tools in consideration. 
2. Methodology 
2.1.  Studying the decision making tools 
The measures are considered under five criteria. There are several models used for Multi-criteria 
decision analysis (MCDA). The choice of which model is most appropriate depends on the problem at 
hand and may be to some extent dependent on which model the decision maker is most comfortable with 
[3]. In this study, Analytic Hierarchy Process (AHP), Analytic Network Process (ANP) and Value 
Engineering (VE) are the tools in consideration. 
2.2. Comparing the decision making tools 
After studying the three decision making tools, comparing in application among them was conducted 
in order to select the most appropriate model to be used in this case. 
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3. Results 
3.1. Analytical hierarchy process (AHP) 
AHP is a decision-making tool that was first developed by Professor Thomas L. Saaty in the 1970s 
[4]. It can be used in multi-criteria decision-making which can consider both tangible and intangible 
criteria. AHP structures a decision problem into a hierarchy with a goal, criteria and alternatives as shown 
in Fig. 2. [5] 
 
 
Fig.2. Hierarchy structure of AHP 
AHP’s key characteristic is the pairwise comparison for scoring each alternative under the criteria one 
by one. The scores are given by pairwise comparison between the different alternatives by using the 
relative scale measurement which range from 1 to 9, 1 means equally preferred and the greater number 
means the higher preferred as details shown in Table 2. 
Table 2.  Pair-wise comparison scale for ahp preferences[6] 
 
Numerical rating   Verbal judgments of preferences 
 
9    Extremely preferred 
8    Very strongly to extremely 
7    Very strongly preferred 
6    Strongly to very strongly 
5    Strongly preferred 
4    Moderately to strongly 
3    Moderately preferred 
2    Equally to moderately 
1    Equally preferred 
 
 
Each criterion and alternative is considered independently from another. Raw data are calculated 
regarding to the procedure and consistency ratio (CR) of each interviewee under each criterion can be 
verified. If CR not greater than 0.1 (10 %) means it is consistency. 
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AHP can combine multiple inputs from several persons to a consolidated outcome and people usually 
agree with the outcoming results. Calculation of results can be proceeded by using spreadsheet (Excel 
sheet) .It can be downloaded without charge [7]. Some more professional software is introduced for more 
convenience for the decision maker. 
 
3.2. Analytical Network Process (ANP) 
ANP was first developed by Professor Thomas L. Saaty as AHP. ANP is a generalization of the AHP. 
It is a general approach for any kind of decision problem and allows [for] feedback connections and 
loops. ANP use a system of pairwise comparison for scoring each alternative under the criteria as AHP, 
but each criterion and alternative is considered interdependently. The hierarchy structure of AHP and 
ANP is the same but ANP allows both interaction and feedback within clusters of elements (inner 
dependence) and between clusters (outer dependence) as shown in Fig. 3. [8] 
 
 
 
Fig.3. Interaction and Feedback within clusters of elements 
ANP provides better understanding of a specific problem and its relation to related factors. The 
method encourages precise definitions of nodes and inter-connections. Therefore, those who use it have to 
have precise understanding of important and relation of all items. Explanation of concept and process to 
interviewee is extremely challenging. It requires specific software for calculation. ANP is too complex to 
be used as a standard tool for practical decision making in an organization.  
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3.3. Value Engineering (VE) 
Value engineering is also referred to as "value management" or "value methodology" (VM), and 
"value analysis" (VA) [9]. VE considers function of each alternative versus cost. Function indicates value 
or benefits of alternative. VE compare function versus cost of each alternative without interdependence 
and pairwise comparison and ranking by considering scores in term of function or benefit over cost. VE is 
less complicated compared with AHP and ANP, but does not consider intangible aspects efficiently. 
4. Conclusion 
The both AHP and ANP use a system of pairwise comparison for scoring each alternative under the 
criteria. AHP structures a decision problem into a hierarchy with a goal, criteria and alternatives, while 
the ANP structures it as a network. With AHP, each criterion and alternative is considered independently 
from another, but with ANP, interdependent decisions are given among criteria and alternatives. VE is 
different from the other two by considering function of each alternative versus cost and then comparing 
among all of them without interdependence and pairwise comparison. It is found that the ANP is a good 
tool but it is too complex for factory owners who are all villagers. VE is cost oriented which is 
inappropriate for considering intangible aspects. In conclusion, AHP is the most appropriate application 
in this case due to the fact that it can consider both tangible and intangible aspects, with less complex 
methodology for the factory owners. 
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